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ABSTRACT 
The chemical composition, mineral profile and in-vitro fermentation characteristics of maize (MZ), 
high sugar forage sorghum (HS) and forage sorghum (FS), and silages made from each forage type 
were measured. The MZ and MZ silage (MZS) had higher crude protein, starch and ether extract 
contents than both sorghum forages and sorghum silages. HS had higher ash and water-soluble 
carbohydrate concentrations than FS and MZ. MZ, MZS, HS and HS silage (HSS) had lower neutral 
detergent fibre, acid detergent fibre and acid detergent lignin than FS and FS silage (FSS). FSS had 
higher DM and pH than MZS and HSS. HSS contained higher concentrations of P and K than FSS and 
MZS. MZS and HSS had higher in-vitro dry matter and organic matter digestibility, CH4 production, 
total volatile fatty acids, acetate and propionate than FSS. pH was higher for FSS than HSS, and 
ammonia was lower for HSS than MZS and FSS. HSS had higher gas production than MZS and FSS 
after 2, 4, 6 and 8 h incubation. MZS had higher gas production than HSS and FSS after 26 and 28 h of 
incubation. The results indicate that HS may substitute for MZ to make good quality silage. However, 
animal studies are needed to assess the acceptability and feeding values of HSS versus MZS for 
ruminant production. 
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 1 
塔里木盆地甜高粱替代玉米制作青贮的成分分析及体外发酵特性研究 2 
 3 
目的： 受干旱少雨等极端沙漠气候因素的影响，塔里木盆地天然草场退化日益严重，天然牧草产草量和品4 
质不能满足该地区牛羊养殖的需求。玉米是塔里木地区牛羊养殖青贮饲料的主要制作原料，但玉米需水量较5 
大，对土壤的要求较高，需要在改良后的土地上种植。甜高粱具有生物产量高、糖分含量高、耐旱、耐盐碱6 
的优良特性，是制作青贮饲料的理想原料。由于人们对甜高粱认识较少，在塔里木地区未见有甜高粱大面积7 
种植。甜高粱的研究多集中于其生物产量和糖分变化、利用的影响因素方面，对甜高粱、普通高粱及玉米青8 
贮前后的营养成分及青贮后的消化特性的比较研究较为少见。因此，为了研究在塔里木地区使用甜高粱替代9 
玉米制作青贮饲料的可能性，为解决本地区粗饲料资源不足问题提供思路，本研究对甜高粱、普通高粱和玉10 
米青贮前后的化学成分，以及其青贮饲料矿物元素和瘤胃消化特性进行了研究。方法：化学成分采用概略养11 
分分析法，矿物元素采用原子吸收分光光度计法，消化特性采用模拟瘤胃体外发酵法进行分析。结果：结果12 
表明，从粗蛋白质、淀粉及粗脂肪含量看，玉米青贮前后的含量都要比甜高粱和普通高粱青贮前后的含量13 
高。甜高粱的灰分和可溶性碳水化合物含量比玉米和普通高粱的含量高。与青贮前后的普通高粱相比，青贮14 
前后的玉米及甜高粱的中性洗涤纤维、酸性洗涤纤维和木质素含量较低。普通高粱青贮比玉米青贮和甜高粱15 
青贮的干物质和pH高。甜高粱青贮的磷、钾含量高于普通高粱和玉米青贮。体外模拟瘤胃消化的研究表明，16 
与普通高粱青贮饲料相比，甜高粱和玉米青贮饲料的消化率较高，可产生较多的甲烷、乙酸、丙酸及总挥发17 
性脂肪酸。甜高粱青贮体外消化液的pH值比普通高粱青贮的要低，而甜高粱青贮体外消化液中的氨含量则低18 
于玉米和普通高粱青贮。从体外发酵的产气量看，甜高粱青贮在体外发酵的2h，4h和8h的累积产气量大于玉19 
米和普通高粱青贮，但在发酵的26h和28h，玉米青贮的累积产气量则大于甜高粱和普通高粱。结论： 本实20 
验结果证明，从营养成分和瘤胃消化特性来看，甜高粱青贮的化学营养成分及瘤胃消化特性与青贮玉米相当21 
或优于青贮玉米，甜高粱在塔里木地区可以完全替代玉米，用于制作优良青贮饲料。而甜高粱青贮饲料的适22 
口性和饲用价值，仍有待动物实验进行证实。创新点：本研究以塔里木地区种植的甜高粱、普通高粱和玉米23 
制作的青贮饲料为材料，对以上三种青贮饲料的营养成分及其瘤胃消化特性进行了较为系统的研究，研究结24 
果可以为开拓本地区甜高粱青贮饲料提供科学依据。 25 
 26 
关键词： 关键词：甜高粱；玉米青贮；消化率；甲烷；产气量 
 
1. Introduction 
Tarim Basin is located in the south of the Xinjiang Uighur Autonomous Region of China, which 
covers 63.9% of the total area of Xinjiang and 11.1% of the total area of China (Lu et al. 2010). Most 
of the natural grassland around the edge of Tarim Basin is arid and semi-arid due to the existence of 
Taklimakan Desert. Yield and quality of plants that grow in the basin is generally low as animal feed 
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(Chen, et al. 2006). The capacity to provide feed to ruminants from natural grassland has decreased 
sharply in recent years, because of excessive cultivation (Huang et al. 2010), water shortage, soil 
salinization and degradation (Zhang et al, 2014).  
Forage maize (Zea mays L.; MZ) and maize silage (MZS) are expensive to produce in Tarim Basin. 
MZ crop has a high water and soil fertility requirement for growth (Nyakudya and Stroosnijde, 2014) 
which cannot be fulfilled by soil conditions from Tarim Basin. Therefore, alternative forages are sought 
in the region for animal production. One option to improve forage production for animal use under 
declining water resources in Tarim region is to replace MZ with more water-use efficient crops such as 
sorghum (Sorghum bicolor Moench). Forage sorghum (FS) is a C4 plant and it grows well in semi-arid 
and high salinity soil. High sugar containing FS (HS) is also known as sweet sorghum and it has a 
potential to be used as alternative forage to replace widely grown MZ around the world for animal 
production (Kurle et al. 1991; Yu et al. 2008). HS has attracted much attention in drier regions in the 
world including Tarim Basin, due to its good adaptation to diverse climate and soil conditions 
including traditionally non-productive semi-arid and high salinity land. Most research in HS has 
focused on the forage yield, energy content and little is known about its chemical composition and 
mineral profile. Similar to MZS, HS can also be made into silage so allow to better storage of the feed 
and use as a supplement. There is limited data to compare quality of HS silage (HSS), FS silage (FSS) 
and MZS sourced from the same location. Moreover, little data is available regarding FSS and HSS 
fermentation characteristics over time. Therefore, the objective of this study was to compare chemical 
composition and in-vitro fermentation characteristics of FS, HS and MZ and silages made from each 
forage type. 
 
2. Results 
2.1 Forage chemical composition  
The chemical composition of forages is presented in Table 1. MZ was higher in CP, EE and starch 
than FS and HS, whereas CP content was higher in HS than FS. HS plant was tallest and had heaviest 
in fresh weight, and had highest WSC than MZ and FS. Both MZ and HS had lower concentrations of 
NDF, ADF and ADL than FS. There was no difference in the concentrations of NDF, ADF and ADL 
between HS and MZ. Average DM content of FS and MZ were higher than HS. HS had higher ash 
concentration than FS and MZ. MZ had higher starch concentration than FS and HS.   
2.2 Silage chemical composition  
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The chemical composition of silages is presented in Table 2. MZS was higher in CP, EE and starch 
than FSS and HSS. The WSC concentrations were higher in HSS than MZS and FSS. Both MZS and 
HSS had lower concentrations of NDF, ADF and ADL than FSS. The pH was lower in MZS and HSS 
than FSS.  
2.3 Mineral profile 
The ash and mineral profile of each silage type is presented in Table 3. The concentrations of Ca, P 
and K were higher in HSS than MZS and FSS. The ash concentrations were higher in HSS than MZS 
and FSS. The concentrations of Fe, Zn and Cu were similar between MZS and HSS, but both were 
higher than those in FSS. No differences in the concentrations of Na, Mg, Mn, Mo and Co were 
observed among silages. 
2.4 In-vitro fermentation characteristics 
The in-vitro incubation resulted in higher IVDMD, IVOMD, CH4 production (mL g
-1
 DM), tVFA, 
acetate and propionate concentrations from MZS and HSS than from FSS (Table 4). The pH at the end 
of fermentation was higher for FSS than MZS and HSS. The NH3 concentration was lower for HSS 
than MZS and FSS (Table 4).  
2.5 In-vitro gas production over 28 hours 
In-vitro cumulative GP between 2 and 28 h of incubation differed among the three silages (Table 
5). At 2 h incubation, GP from HSS was higher than MZS and FSS. The GP from MZS increased 
rapidly between 2 and 4 h compared with FSS and HSS. For the first 8 h of incubation, HSS had the 
highest GP among the three silages. There was no difference in GP between MZS and HSS after 10, 
20, 22 and 24 h incubation. After 26 and 28 h of incubation, GP from MZS was the highest, followed 
by HSS and FSS. 
 
3.  Discussion 
3.1 Chemical composition of forages and silages 
Fibre fractions in forages and silages (i.e., NDF, ADF and ADL) were lower in HS and MZ than FS 
and it indicates that HS and MZ contained less plant cell wall including hemicellulose, cellulose and 
lignin than FS (Van Soest, 1991). The difference in fibre content may be related to the genotypes of the 
forage (Kruse et al. 2008; Oliver et al. 2004; Di Marco et al. 2009; Norman et al. 2013) and the 
variations in leaf to stem ratio (Elseed et al. 2007). 
The CP concentration of MZ and MZS was higher than sorghum forages and silages, this is in 
agreement with Inoue (2001). However, all forages and silages in this study had lower CP than 
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previously reported (Amer et al. 2012a). It is important to note that the CP concentration in this study 
is lower than the requirement for most ruminant production (NRC, 2001). Therefore, the MZS, FSS 
and HSS from Tarim region need to be used in conjunction with high CP feed (e.g., alfalfa) or alter 
management practices to such as dressing with nitrogen fertilizer to increase CP concentration for 
ruminant production. 
It is interesting to note that the ensiling process had little impact on the CP of MZ and HS (<5% 
change), but it reduced the CP concentration by 23% from 64 g CP per kg of DM in FS to 49 g CP per 
kg of DM in FSS. This may be related to the proteolysis reaction during ensiling of the forages (Heron 
et al. 1989; Ding et al. 2013). Merry et al. (2006) observed more active proteolysis reaction when pH is 
higher in silage, due to low WSC and starch in forage before ensiling. A lower forage starch content 
and higher silage pH (Tables 1 and 4) were found in FS and FSS compared to MZ and MZS, and HS 
and HSS.  
The WSC and starch content in the forage are important factors that determine the fermentation 
outcome of silages. The decrease in both WSC and starch in the silages compared with the 
corresponding forages before ensiling suggests the plant enzymatic activity and bacterial fermentation 
have taken place during ensiling process. The product of the process such as lactic acid and acetic acid 
helps to maintain a low silage pH. No pH difference was observed between HSS and MZS, despite 
lower WSC was found from MZ than HS. This may be explained by the higher starch content in MZ 
than HS that contributed to the reduction of pH in MZS. McDonald et al. (2002) demonstrated that 
monosaccharide or disaccharide broken down from starch can be used as readily fermentable 
carbohydrates during the ensiling process.   
3.2 Ash and minerals 
The higher ash content in HS and HSS is most likely due to the higher concentrations of P and K in 
HSS than in FSS and MZS. Variation in mineral and ash concentrations may also be due to the change 
in proportion of leaf to stem ratio. Previous work has shown that ash content in leaf was almost double 
that of stem in six major energy crops (Monti et al. 2008). Also, Monti et al. (2008) found that the ash 
concentration was positively correlated to P and K. The ash contents in fresh forages presented in Table 
1 are higher than those reported by Singh et al. (2012), but in agreement with the reported values by 
Monti et al. (2008). The mineral contents of the silage forages used in this study are within the range 
reported by Singh et al. (2012).  
3.3 In-vitro fermentation 
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There was a higher IVDMD and IVOMD in MZS and HSS than FSS. This is in agreement with 
findings from previous reports (Amer et al. 2012b; Di Marco et al. 2009). The higher digestibility in 
OM and DM may result from the lower fibre concentrations, indicated by lower NDF, ADF and ADL 
in MZS and HSS than FSS. On the other hand, carbohydrates in plant are in the form of 
oligosaccharides or as their polymers such as cellulose and starch, they are the main substrates for 
fermentation by rumen microbes (Ntaikou et al. 2008). The lower fibre concentration together with 
higher starch concentration in MZS and HSS than FSS, and the higher WSC concentration in HSS than 
FSS may also contribute to the higher digestibility of DM and OM in MZS and HSS.  
The high NH3 in fermentation solution from MZS in this study was a reflection of a high CP 
relative to WSC supply from MZS. The observed lower NH3 from HSS compared with FSS and MZS 
may be related to the higher level of WSC in HSS. Broderick et al. (2008) showed a decreased ruminal 
concentration of NH3 in sucrose supplemented cows compared with starch supplemented cows. 
The VFA produced in the rumen by microbial fermentation is the main energy source for 
ruminants. The type of VFA formed in the rumen depends on the sources of substrate fermented, 
microbial population, and rumen environment (Bannink et al. 2008). The observed increase in tVFA, 
acetate and propionate concentration in MZS and HSS compared with FSS indicates a higher microbial 
fermentation of starch and WSC and this is consistent with the results of Heldt et al. (1999) and Golder 
et al. (2012). The lower pH from MZS and HSS than FSS is expected, as MZS and HSS had higher 
starch and WSC concentrations than FSS (Bramley et al. 2008; Emmanuel et al. 2008).  
3.4 Methane and gas production 
Methane is a potent greenhouse gas and is an end-product of rumen fermentation of carbohydrates. 
The lower CH4 per g of DM in FSS than MZS and HSS is in agreement with previous report (Blaxter 
and Clapperton, 1965). Blaxter and Clapperton (1965) suggested that CH4 production is positively 
correlated with the amount of digestible OM.  
GP at all fermentation times was lower in FSS than HSS and MZS. This may be attributed to its 
higher ADL content and lower amounts of WSC. It has been shown that structural carbohydrates, such 
as lignin, are less rapidly degraded in the rumen than storage polysaccharides, such as fructan polymers 
or starch (Biggs and Hancock, 1998). Previous studies (Amer et al. 2012a; Zerbini et al. 2002) have 
also shown a negative correlation between lignin and GP in sorghum, due to lignin inhibits microbial 
fermentation or enzymatic hydrolysis of forage wall polysaccharides (Jung and Allen, 1995). 
Additionally, the GP for HSS with higher WSC concentration was significantly greater than that for 
MZS with more starch in the initial phase of incubation (2-8 h). This indicates that highly degradable 
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soluble sugars are more easily accessible to rumen microbes and enzymes compared with starch (Biggs 
and Hancock, 1998). As fermentation progressed, the significantly higher GP in MZS than HSS may 
have been due to the decreased residual sugars in HSS and the increased starch broken down in the 
later phase of incubation (26-28 h). Working with pearl millet and sorghum, Zerbini et al. (2002) 
observed a positive correlation between soluble sugars and GP, and negative correlation between GP 
and cell walls. The differences of GP among the silages reported in this study, and the dynamic 
changes of GP between HSS and MZS with the progress of fermentation also indicate the differences in 
digestion rate between sugars and starch in rumen fermentation. 
 
4. Conclusion 
HS and MZ in this study had lower fibre concentration than FS. HSS and MZS had higher WSC 
and starch than FSS. MZS and HSS had lower pH, fibre concentration but higher in-vitro digestibility 
and tVFA concentration than FSS. MZS had higher GP than HSS and FSS at the end of 28 h of 
incubation. The silage quality was similar between HSS and MZS. Data indicates HS can be used to 
replace MZ in Tarim region to make quality silage. However, further research is needed to investigate 
the effect of silage made from HS and MZ on palatability, intake and growth performance of ruminants 
in Tarim regions.  
 
5. Materials and methods 
5.1 Crop management 
The crops of FS, HS and MZ used in this study were grown at the Agricultural Research Station of 
Tarim University (longitude 81º31 E´, latitude 40º56 N´), in XinJiang Uygur Autonomous Region of 
China. Average sun radiation, sunshine duration, effective accumulated temperature and frost-free 
period in Tarim Basin are 6,000 MJ m
-2
, 2500-3000 h, 3800-4700℃, 180-240 d per year respectively in 
the Tarim Basin (Lu et al. 2010). Previously identified HS (cultivar Rio with a brix value of 22.1%) 
was chosen to compare with FS (cultivar X096 with a brix value of 9.4%), and MZ (cultivar BY02 with 
a brix value of 9.2 %). All forages were sown in two replicated field plots (10 m×5 m each) at a sowing 
rate of 15 kg ha
-1
 for FS and HS, and 40 kg ha
-1
 for MZ. Five months after sowing (i.e., milky stage), 
plants from each forage type were cut from ground level to determine plant height and fresh weight. 
Whole crops of sweet sorghum and maize were harvested to make silage by cutting to 10 cm above the 
ground level.  
5.2 Silage preparation 
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 The harvested plants were chopped into 2.5 cm length by a multi-functional forage chopper 
(9DF53, Yanbei Animal Husbandry Machinery Group Co. Ltd., Beijing, China). A sample of 1000 g 
fresh weight from each forage type was refrigerated at -20°C for later analysis. The remainder of forage 
was used for making silages, and was packed into 10 plastic laboratory silos (10.5 cm diameter×35.5 
cm height per forage type). The silos were sealed with lids after removing air by manual pressure, and 
then stored at room temperature.  
5.3 Quality analyses 
5.3.1 Chemical composition 
The silos were opened 120 days post ensiling and a 500 g fresh weight sample was collected per 
silo for analysis. A 15 g fresh weight sample was blended with 135 ml distilled water for 1 min 
followed by filtration through two layers of cheesecloth. The filtrate was then tested for pH using pH 
meter (pH209, Hanna Instuments., Edge, USA). Both fresh silage and frozen forage samples were 
oven-dried at 105 °C and ground to pass a 1 mm sieve (Christy and Norris Co. Ltd., Suffolk, UK). Dry 
matter (DM), ash, ether extract (EE) were measured according to AOAC (1990) procedures. Nitrogen 
(N) content of each sample type was determined using Elementar Vario Macro Cube (Elementar 
Analysensysteme GmbH., Hanau, Germany). The crude protein (CP) was then calculated by 
multiplying N content by 6.25. The neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid 
detergent lignin (ADL) were determined according to the methods of Van Soest (1991). A 
spectrophotometer (Libra S11, Biochrome, Cambridge, UK) was used to determine water-soluble 
carbohydrate (WSC) concentration according to the method of Koehler (1952). Starch was determined 
by the method of Kent-Jones and Amos (1967) as described by Chaudhry and Khan (2012).  
5.3.2 Mineral analysis 
The concentration of Ca, P, K, Mg, Fe, Zn, Cu, Na, Mn, Mo and Co from each silage type was 
determined by using a Varian VISTA-MPX CCD simultaneous ICP-OES (Varian Inc., Melbourne, 
Australia). The samples and the standard solutions for mineral analysis were prepared according to the 
method described by Chaudhry and Jabeen (2011) and Ramdani et al. (2013).  
5.4 Measurement of in-vitro fermentation parameters 
5.4.1 Preparation of rumen fluids and buffered inoculum 
Six Texel×Mule castrated lambs ((45±1.2) kg live weight) were fed on nutritionally balanced 
perennial ryegrass-concentrate diet prior to be slaughtered at an abattoir (Linden Food, UK). Rumen 
samples were collected immediately post slaughtering. The rumen fluid was harvested by filtering 
rumen sample through double layers of cheesecloth into pre-warmed (39°C) thermo bottles and 
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immediately transported to the laboratory. The rumen fluid was poured into a pre-prepared brown 
bottle containing artificial saliva (buffered inoculum; McDougall, 1948). This buffered inoculum was 
kept anaerobic by flushing it with anaerobic grade CO2 before closing the bottle with a measurable 
dispenser pump (Chaudhry and Mohamed, 2011). 
5.4.2 In-vitro incubation 
200 mg oven-dried samples per silo were separately weighed into 50 mL graduated glass syringes 
(KR Analytical Ltd., Sanitex, UK) fitted with plungers. A three-way plastic stopcock (Fisher 
Scientific., Springham, UK) was installed on the tip of each syringe barrel for transferring the gas into 
vacuum collection tube for methane analysis. The syringes were filled with 20 ml buffered inoculum, 
and incubated in a shaking water bath (Grant Instruments, Cambridge, UK) at 39°C for 28 h. At the 
same time, three empty syringes containing only the buffer were also incubated as the blanks to correct 
the final values of digestibility, gas production (GP) and other fermentation parameters. The volume of 
GP in each syringe was recorded after 2, 4, 6, 8, 10, 20, 22, 24, 26 and 28 h of incubation according to 
the moving scale on the plunger of the glass syringes.  
5.4.3 Determination of pH, in-vitro dry matter and organic matter digestibility  
Fermentation in the syringe was terminated at 28 h by transferring the syringes from the water bath 
to an ice-filled container. A sample of 15 ml gas from each syringe was transferred into a vacuum tube 
through the three-way stopcock for later methane (CH4) analysis. The incubated solution was 
determined for pH and then centrifuged at 2500 r min
-1
 for 10 min at 4°C (MSE Mistral 3000, Sanyo 
Gallenkamp, Leicestershire, UK). After that, 2 mL of the supernatant from each centrifugal tube was 
used for later volatile fatty acid (VFA) analysis. An additional 2 mL of the supernatant from each 
sample was used for ammonia (NH3) analysis. The remaining Supernatants, along with all residues in 
each centrifugal tube were dried at 105°C and weighed for in vitro dry matter digestibility (IVDMD) 
determination. The dried residues were decanted into crucibles and ashed at 550°C for measuring in 
vitro organic matter digestibility (IVOMD). 
5.4.4 Ammonia, volatile fatty acid and methane analysis  
NH3 was analysed using supernatant samples by Pentra 400 (Horriba Ltd., Kyoto, Japan) with a 
calibrated standard of NH3-N according to Rhine et al. (1998). VFA concentration of supernatant 
samples were analysed by a gas chromatograph (Shimadzu, Kyoto, Japan) following the method 
described by Eun and Beauchemin (2007). Total VFA (tVAF) concentration of each sample was 
calculated by summing all individual VFA. Methane analysis was performed on a Fisons 8060GC 
using a split injection linked to a Fisons MD800 MS using method described by Bhatta et al. (2009). 
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5.5 Statistical analysis 
  The SPSS statistical package (SPSS Inc., Chicago, USA) was used for analysis. One-way ANOVA 
was used to examine the effect of forage type on chemical composition, mineral profile, GP, IVDMD, 
IVOMD, CH4, pH, NH3 and VFA. The statistical model included forage type as treatment effect. When 
ANOVA was significant (P<0.05), Tukey’s post-hoc test was conducted to separate treatment means. 
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Table 1 Plant height, fresh weight and chemical composition (g kg
-1
 DM unless stated otherwise) of 
forage maize (MZ), forage sorghum (FS) and high sugar forage sorghum (HS) prior to ensiling
1)
 
 
Forage type 
SEM
2)
 P value 
MZ FS HS 
Plant height (cm plant
-1
)  209.80 c 312.82 b 327.90 a 10.028 <0.001 
Fresh weight (g plant
-1
)  320.21 b 337.80 b 673.71 a 32.776 <0.001 
Dry matter 311.29 b 338.27 a 286.00 c 7.785 <0.001 
Ash  60.51 b 56.31 b 66.67 a 1.725 0.014 
Crude protein  79.37 a 63.95 c 70.08 b 2.324 0.001 
Neutral detergent fibre 365.20 b 413.76 a 331.87 b 12.554 0.001 
Acid detergent fibre  283.25 b 334.29 a 278.24 b 10.135 0.011 
Acid detergent lignin  38.56 b 67.75 a 46.83 b 4.676 0.003 
Ether extract  22.06 a 15.00 b 10.72 c 1.677 <0.001 
Starch  86.01 a 56.05 b 58.28 b 4.267 <0.001 
Water-soluble 
carbohydrates  122.87 b 140.19 b 184.19 a 8.117 <0.001 
1) Values within rows with different letters are significantly different (P<0.05). The same as below.  
2) SEM, stand error of mean. The same as below. 
 
Table 2 Chemical composition (g kg
-1
 DM unless stated otherwise) of maize silage (MZS), forage 
sorghum silage (FSS) and high sugar forage sorghum silage (HSS) 
 
 Silage type SEM P value 
 MZS FSS HSS   
Dry matter 314.94 b 345.03 a 289.11 c 85.481 0.001 
Crude protein 75.42 a 48.96 c 67.29 b 4.014 <0.001 
Neutral detergent fibre 374.49 b 425.19 a 338.09 c 12.941 <0.001 
Acid detergent fibre  266.26 b 355.71 a 273.72 b 14.419 <0.001 
Acid detergent lignin  37.39 b 61.83 a 37.49 b 4.331 0.002 
Ether extract 24.19 a 17.96 b 13.92 b 1.593 0.002 
Starch  67.28 a 37.97 c 46.25 b 3.859 <0.001 
Water-soluble 46.14 b 48.82 b 69.90 a 3.280 <0.001 
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carbohydrates 
pH 3.79 b 4.09 a 3.71 b 0.062 0.001 
 
Table 3 Ash (g kg
-1
 DM) and mineral profile (mg kg
-1
 DM) of maize silage (MZS), forage sorghum silage 
(FSS) and high sugar forage sorghum (HSS) 
 
Silage type 
SEM P value 
MZS FSS HSS 
Ash  79.40 b 86.76 b 96.86 a 3.078 0.034 
Ca 2593.99 b 2872.86 ab 3424.31 a 140.184 0.014 
P 1220.23 b 1250.19 b 1445.49 a 44.149 0.047 
K 6826.94 b 7604.24 b 9152.79 a 361.758 0.001 
Mg 3373.03 3343.00 3720.07 92.851 0.191 
Fe 260.31 a 170.93 b 273.86 a 16.726 <0.001 
Zn 19.57 a 11.75 b 18.21 a 1.244 <0.001 
Cu 3.63 a 2.79 b 3.18 ab 0.148 0.039 
Na 327.74 375.97 373.25 10.493 0.088 
Mn 15.49 13.69 15.47 0.446 0.170 
Mo 0.42 0.53 0.49 0.025 0.143 
Co 0.08 0.07 0.07 0.006 0.829 
 
Table 4 pH, in-vitro degradation (g kg
-1
 DM), ammonia (mg L
-1
), methane (mL g
-1
 DM) production and 
volatile fatty acids (mM) of maize (MZS), forage sorghum silage (FSS) and high-sugar sweet sorghum 
silage (HSS) 
 
Silage type 
SEM P value 
MZS FSS HSS 
pH 6.64 b 6.74 a 6.64 b 0.018 0.021 
In-vitro DM digestibility 497.98 a 432.97 b 501.95 a 12.803 0.026 
In-vitro OM digestibility 704.68 a 609.83 b 693.65 a 16.972 0.023 
Ammonia 137.74 a 130.13 a 117.43 b 3.077 0.006 
Methane 27.87 a 18.83 c 23.08 b 1.184 <0.001 
Acetate 22.86 a 15.63 b 19.54 a 1.019 0.002 
Propionate 12.69 a 7.87 b 11.56 a 0.671 <0.001 
Valerate 0.44 0.37 0.41 0.013 0.094 
Iso-butyrat 0.34 0.30 0.32 0.010 0.308 
n-butyrate 3.16 2.96 2.79 0.144 0.622 
Iso-valerate 0.44 0.41 0.38 0.014 0.156 
Total volatile fatty acids 39.93 a 27.54 b 35.00 a 1.731 0.001 
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Table 5 In-vitro gas production (mL g
-1
 DM) of maize silage (MZS), forage sorghum silage (FSS) and 
high sugar forage sorghum silage (HSS) for 28 h 
 
Incubation hours 
(h) 
Silage type SEM P value 
MZS FSS HSS   
2 17.50 b 16.25 b 30.00 a 2.090 0.001 
4 29.06 b 24.63 c 47.50 a 3.110 <0.001 
6  45.31 b 36.56 c 62.19 a 3.350 <0.001 
8  66.88 b 48.13 c 78.13 a 3.932 <0.001 
10  80.94 a 57.19 b 87.81 a 4.139 <0.001 
20  121.25 a 91.88 b 127.50 a 5.101 <0.001 
22  134.38 a 94.38 b 130.00 a 5.883 <0.001 
24  145.31 a 99.06 b 133.44 a 6.426 <0.001 
26 157.81 a 104.06 c 136.88 b 7.065 <0.001 
28  167.81 a 108.44 c 142.19 b 7.658 <0.001 
 27 
 28 
 29 
